A new marine strain of the Planctomyces-Blastocaulis group of stalked, budding bacteria was isolated : the name Planctomyces maris is proposed. Cells were spherical to ovoid, exhibited longitudinal symmetry and had a single fibrillar appendage located at one pole of mature cells. Reproduction occurred by budding at the opposite pole of the cell. The resulting daughter cell was motile by a single subpolar flagellum. The organism was an obligately aerobic, mesophilic heterotroph which utilized 15 of 81 carbon sources tested for growth. It grew slowly, the shortest doubling time recorded being 13 h at 30 "C. The DNA base composition was 50-5 mol % (G + C). Significant growth occurred only at salinities of 1-5 to 4.0 % (w/v), and in the presence of at least IOO mM-NaC1, suggesting that the bacterium is indigenous to the marine environment.
The current taxonomic status of these microbes is summarized in the description of the genus Planctomyces by Hirsch & The extensive taxonomic and nomenclatural work on this group is in marked contrast to the paucity of information on the general biological properties of the organisms. To our knowledge not even one strain has been isolated although a monoxenic culture of a freshwater strain has been reported (Staley, 1970) . Thus, we set out to isolate and characterize representatives of this group. In this paper we describe our successful attempt in obtaining a pure culture of a marine strain and discuss the biological characteristics of our isolate.
M E T H O D S
Media. Media were prepared either with half-strength, aged, filtered (0.45 pm) seawater (suffix SW) or with artificial seawater (suffix ASW) having a salinity of 3.5 % (wlv) (Kester et al., 1967) . Unless otherwise stated, the pH of all media was 7.3 to 7.5. Solid media contained I 3 % (w/v) Difco Bacto-agar.
The following media were used: (i) 100 mg peptone (Difco Bacto) per litre of seawater or artificial seawater (peptone-SW or peptone-ASW); (ii) 0.25 g (NH4)2S04, I '0 g glucose, 0.07 g K2HP04, and 10-0 ml vitamin solution (Staley, 1968) per litre of seawater or artificial seawater (glucose-SW or glucose-ASW); to prevent precipitation, the K2HP04 was'autoclaved separately and added aseptically to the cooled medium; and (iii) 0.15 g peptone, 0.15 g yeast extract, 0-25 g (NH4)2S04, 1.0 g glucose, and 10.0 ml vitamin solution per litre of seawater or artificial seawater (medium B-SW or medium B-ASW).
Enrichment and isolation. The enrichment procedure of Houwink (195 I ) was used routinely. Water samples were collected aseptically from a variety of marine environments in Oregon, Washington and British Columbia. For each enrichment, a water sample (I 00 ml) was added to a sterile 150 ml beaker containing 10 mg peptone (Difco) and incubated at room temperature (21 to 25 "C) in the dark. After incubating for 4 to 6 weeks, enrichment cultures were diluted in sterile seawater and 0-1 ml from each dilution was spread on the surface of duplicate peptone-SW plates to give final dilutions of I O -~, I O -~ and IO-~. The plates were incubated at room temperature for 3 to 4 weeks. Colonies were then screened for budding, prosthecate or appendaged bacteria by phase-contrast microscopy of wet mounts. When detected, such organisms were isolated by streaking and restreaking on medium B-SW or medium B-ASW. Cultural purity was assessed both microscopically and by plating out on a number of nutrient-rich and nutrient-poor test media.
Light microscopy. Photomicrographs of cells were taken with a Zeiss Ultraphot (Oberkochen, West Germany) using a 100 x Neofluar phase objective. Slide cultures were grown on Difco Marine Agar 2216.
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Electron microscopy. For whole-cell studies, samples of strain 534-30 were prepared in two ways. (i) Bacteria were grown on medium B-ASW slants with the addition of 0.5 ml liquid medium B-ASW. After 48 to 72 h at 25 "C or 30 "C, bacteria were suspended in the liquid by shaking. Small droplets of this suspension were placed on Formvar-coated copper grids (200 mesh, E. F. Fullam, Schenectady, New York, U.S.A.). (ii) Bacteria were grown in screw-capped tubes containing 5 ml liquid medium B-ASW. When turbidity was just visible, two or three stainless-steel Formvar-coated grids (200 mesh) were carefully floated on the surface of the medium. After incubation for a further I 8 to 48 h the grids were removed. In both instances excess moisture was absorbed within 30 s with Whatman filter paper.
Best results were obtained by floating grids for I min on 10 % (wlv) formaldehyde and halfstrength ASW followed by a I min rinse in distilled water. Just before examination, a drop of I % (w/v) sodium phosphotungstate (pH 7-3) was placed on each grid and immediately absorbed with filter paper. Alternatively, preparations were shadowed with 80 % platinum/ 20 % palladium at an angle of about 10".
For ultrastructural studies, exponentially growing cultures were harvested and resuspended in Kellenberger buffer (Ryter et al., 1958) . Sections were cut with a diamond knife on an ultramicrotome (Zeiss) and poststained with lead citrate (Reynolds, 1963) for 2 to 3 min before examination. All preparations were examined with a JEM-IOOB (JEOL, Tokyo, Japan) electron microscope using the lower power specimen holder. The accelerating voltage was 60 kV.
Physiological studies. All physiological tests including temperature, salinity, carbon nutrition, and vitamin requirements were carried out using glass screw-capped culture tubes containing 5 or 10 ml medium, and incubated statically in the dark. Increased aeration was provided by shaking vigorously once every I to 2 days. This also helped to prevent the cells from becoming attached to the walls of the culture tubes. All inocula were examined for purity by phase-contrast microscopy. Motile swarmer cells were visible in exponentialphase cultures. Growth yields were determined turbidimetrically at 560 nm using a Spectronic 20 colorimeter (Bausch and Lomb, Rochester, New York, U.S.A.). The temperature range and optimum for both growth yield and growth rate were determined in medium B-SW (5 ml per tube). Inoculated tubes were incubated in a thermal-gradient incubator (Matches & Liston, 1973 ) with a linear temperature gradient from 1-0 to 40.0 "C (i.e. about 1-3 "C per tube). Tubes were incubated for 14 days and growth was followed by direct turbidity measurements.
When determining tolerance to salinity, the inoculum was prepared by washing bacteria from slants and diluting the suspension until turbidity was just visible. One drop (about 0.03 ml) of this suspension was added to each tube, and then incubated at 30 "C for 9 days.
The specific growth requirement for NaCl was tested in medium B-ASW, with NaCl omitted from ASW. Two series of culture tubes were prepared with NaCl at 0,50, 100, 150, 200, 250, 300 and 330 mM. In one series normal salinity was compensated for by adding KCl in appropriate molar amounts, whereas in the other series the salinity varied according to the amount of NaCl added (MacLeod, 1968 ; Reichelt & Baumann, 1974) . The background Na+ concentration in the initial tube, 3.5 mM, was determined by atomic absorption spectro-48
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scopy. Cultures were shaken at 30 "C for 5 days before the turbidity was determined on a Beckman DU-2 spectrophotometer at 600 nm.
Medium B-ASW without glucose was used as the basal medium for carbon nutrition studies. Carbon sources were added to give a concentration of 0.1 % (w/v). Stock solutions were sterilized by autoclaving at 119 "C for 10 min. Ethanol and methanol solutions were sterilized by filtration. The inoculum was prepared as for salinity studies except that bacteria were washed from slants and suspended in basal medium. Inoculated tubes were incubated at 30 "C for 14 days, and then their turbidities were determined using inoculated basal medium as the blank. Carbon source utilization was recorded as positive if the turbidity at 550 nm was 0.02 extinction units or greater (inoculated basal medium had no turbidity). All cultures scored as positive were checked for purity by phase-contrast microscopy. Doubling times on medium B-SW and medium B-ASW were determined turbidimetrically either as above or using a Klett-Summerson colorimeter with a no. 54 green filter. Cultures were incubated in 250 ml DeLong side-arm flasks (50 ml medium) fitted with Morton closures, in a reciprocally shaking water bath at 30 "C.
Requirements for vitamins were tested by omitting vitamins from glucose-ASW and comparing growth with that in a control tube after three serial transfers. Anaerobic growth was tested in an anaerobe jar (BBL) using medium B-ASW alone or with separate additions of potential electron acceptors (these included Na,SO,, Na,CO, and NaNO,), each at a final concentration of 0.1 % (w/v).
DNA base composition was determined by the CsCl density-gradient technique (Schildkraut, Marmur & Doty, 1962) .
Cultures of strain 534-30 are grown on medium B-ASW slants at 25 "C. They are maintained at 6 to 8 "C and transferred at intervals of 2 months: very slow growth occurs at these temperatures.
RESULTS
A bacterium designated as 534-30 was isolated from seawater collected at Deception Pass in Puget Sound, Washington, U.S.A. Morphology The appendage of the bacterium was not evident when wet mounts of cultures were examined using phase-contrast microscopy. However, an appendage was readily discernible on many cells examined with the electron microscope (Fig. I) . On the larger, typically ovoid cells the appendages were in a polar position. They varied in length, some being as long as 5 prn with a diameter of 0.05 to 0.1 pm. Each appendage comprised several parallel fibrils running its entire length (Fig. 2) . The electron micrographs indicate the appendage was not bound by any of the cell envelope layers and is therefore not a prostheca, but a stalk. The stalk was occasionally bent back upon itself and the fibrils frequently twisted about one another (Fig. I) . Numerous fine fibres emanated from the apical tip of the stalk (Fig. I) . Sometimes cells were joined together at the tips of their stalks, suggesting that these fine fibres comprise a holdfast structure. Detached stalks were observed (Fig. 2) whose basal end could be distinguished by a slight widening. The fibrils of the stalk appear to originate from separate pores located in the conical basal structure that is anchored at the pole of the cell. Though they emerge separately from the basal structure, the fibrils soon join together to form the stalk. The width of the individual fibrils is about 5 nm. In addition to the stalk there are numerous pili, 5 to Gnmdiam, that extend over theentire surface ofthe mature cells (Fig. I) .
The shape of the unicellular body of the organism varied from almost spherical for buds to ovoid for mature cells. The surface of negative-stained whole cells was convoluted with Planctonqyces nzaris sp. nov. 49 Fig. 2 . Negative-stained preparation of a stalked cell and a stalk that has been separated from a cell. The lower end of the separated stalk is the basal area which was anchored in the cell. The inset shows that the stalk comprises numerous fibrils. Note that the fibrils of the stalk are separate where they leave the cell but join together a short distance from the cell. Bar marker represents 0.5 pm. Planctoinyces niuris sp. nov. folds running along the transverse axis of the cell perpendicular to the stalk (Fig. 3) . A small protuberance was commonly detected at the non-stalked pole of mature cells (Fig. 3) which may represent the initial stages of bud formation (see below). Motile cells were frequently observed in growing cultures. A single flagellum was located in a subpolar position on many non-stalked as well as some stalked cells (Fig. I) . On stalked cells the flagellum was commonly located immediately adjacent to the stalk. On buds the flagellum was at the pole distal to the mother cell, suggesting that the stalk arises from this same pole after flagellum formation and that the bud differentiates as a mirror image of the mother cell.
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Reproduct ion Examination of actively growing cultures by phase-contrast microscopy revealed many small cells, some of which were motile. The smaller cells seemed to be derived from larger cells by a budding process as electron microscopy frequently showed small cells at the nonstalked pole of larger stalked cells (Fig. I) , possibly originating at the same position as the small protuberance.
When slide cultures were observed by phase-contrast microscopy (Fig. 4) , a small out- -aminobutyric acid, methanol, ethanol, ribose, sorbose, fucose, fructose, sucrose, lactose, melezitose, arabitol, inositol, mannitol, sorbitol, erythritol, dulci tol, adonitol, naphthol, amygdalin, alginic acid, starch, indole, inulin growth was seen to arise on the surface of a larger cell which enlarged as growth proceeded and eventually separated from the mother cell. This process is indicative of budding.
Fine structure Observations on thin sections of the organism confirm that it is a prokaryote in that there is no nuclear membrane or evidence of intracytoplasmic organelles. The wall structure is trilaminate, suggesting a Gram-negative bacterium. The organism stains as a Gram-negative bacterium.
Nutrition and physiology The organism is an obligate aerobe and will not grow anaerobically with or without the addition of potential electron acceptors. It is a chemoheterotroph growing on defined medium with glucose and ammonia as sole carbon and nitrogen sources, respectively. Besides glucose, a number of other sugars and carbon sources are utilized for growth(Tab1e I). Vitamins are not required.
The salinity range for growth as determined by maximum yield was 1-5 to 4.0 % (w/v) with the optimum at 3.5 %. The organism did not grow when NaCl was omitted from medium B-ASW even when normal salinity was compensated for by the addition of KCl. Appreciable growth occurred in the presence of 100 mM-NaCl plus 200 mM-KCl or of 150 mM-NaC1 without KCI. The maximum yield was attained using 250 mM-NaC1 plus 50 ~M -K C I or 300 mM-NaC1 without KCl. The optimum temperature for growth was 30 to 33 "C. No growth occurred above 37.5 "C or below 6 "C; thus strain 534-30 is a mesophile. The bacterium grew relatively slowly, having a doubling time of about 24 h at 20 "C. The shortest generation time recorded was 13 h at 30 "C on medium B-ASW. Growth was very slow in the absence of yeast extract and peptone (i.e. in glucose-ASW) : cells appeared normal when examined microscopically and growth occurred after two or three serial transfers in the liquid medium, but the doubling time was in excess of IOO h.
The DNA base composition was 50.5 mol % ( G + C ) .
D I S C U S S I O N
Since I 924 budding bacteria of the PZanctomyces-Blastocaulis group have been reported from a wide variety of freshwater habitats (see Introduction). More recently, Planctomyces spp. have been reported to be present in stored seawater and marine sediments (Hirsch & Rheinheimer, 1968) . However, in the absence of axenic cultures it has not been possible to determine the physiological and biochemical properties of this group of morphologically Planctomyces maris sp. nov.
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unusual prokaryotes. To our knowledge this is the first reported isolation of a representative of this group. The properties of this organism justify the current classification of the genus in Bergey's Manual of Determinative Bacteviology (I 974).
Like other budding bacteria, mature cells of this organism exhibit longitudinal symmetry, but not both the longitudinal and transverse symmetry typical of unicellular bacteria which divide by binary transverse fission. Also the organism exhibits remarkable structural complexity for a unicellular bacterium. The spherical to ovoid cells have three types of bacterial appendages : flagella, pili, and a unique non-prosthecate stalk (Staley, 1968) . This stalk comprises a bundle of parallel fibrils anchored at the non-reproductive pole of the cell. It appears to be similar to the stalks of P. bekeJii as seen by direct electron microscope observation of natural materials (Olah & Hajdu, 1973) . The bacterium can attach to surfaces by means of a holdfast structure that is located at the apical tip of the stalk.
The probable life-cycle of the bacterium can be reconstructed from electron microscopy and slide culture studies using phase-contrast microscopy. Buds are produced at the non-stalked pole, i.e. the reproductive pole of mature stalked cells. Some or all of the buds are motile by a single subpolar flagellum. The buds separate from the mother cell and, as development proceeds, pili are elaborated and the stalk and holdfast are formed, though the relative order of these events has not been determined. When mature, the cell is capable of asexual reproduction by budding.
The organism is probably indigenous to the marine environment from which it was isolated. Optimal levels for both salinity (3.5 %) and the specific requirement for Na+ (300 mM) are close to those of natural seawater. The optimum sodium ion concentration is at the upper end of the range (70 to 300 mM) reported for 3 I marine strains of Gram-negative heterotrophic bacteria (Reichelt & Baumann, I 974). Strain 534-30 uses a variety of sugars, some of which would be present in the marine environment as breakdown products of algal polysaccharides. Probably the organism lives saprophytically attached either to living algae, where it utilizes excreted organic materials, or to organic detritus. Of the budding bacteria currently recognized, this organism most closely resembles those in the genus Pasteuria (Staley, I 973) : all are obligately aerobic mesophiles and have similar nutritional requirements and growth rates. Cells of strain 534-30 are piliated and, like Pasteuria ramosa, attach at one pole by means of a holdfast. In both organisms daughter cells are produced by budding from the opposite pole and are motile by single polar or subpolar flagella. However, the two bacteria are readily distinguishable from one another in that the new marine isolate has a stalk whereas Pasteuria ramosa does not. In addition, the (GfC) content of the DNA from strain 534-30 (50.5 mol %) is considerably lower than that of'Pasteuriu ramosa (57.1 mol %).
Our organism differs substantially from other appendaged budding bacteria such as Hyphomicrobium, Rhodomicrobium, Ancalomicrobiurn and Stella, in that its appendage is not a prostheca but a non-cellular stalk. It clearly belongs to the Planctomyces-Blustocaulis group although it differs in some respects from the species already assigned to the genus Planctomyces. Firstly, it is the only marine isolate reported for the genus. Secondly, the diameter of the stalk at 0.1 ,urn is considerably less than those of the described species which are 0.3 to 0.9 ,urn (Bergey's Manual of Determinative Bacteriology, 1974) . We therefore recommend redescribing the genus to accommodate this organism and propose that a new species, Planctomyces maris, be created for it.
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Description of the species PIanctomyces maris Bauld and Staley (mar'is L. gen. noun maris of the sea.) Cells spherical to ovoid, 0.4 to 1.5 ,um in diameter. Mature cells have a fibrillar, nonprosthecate appendage, 0.05 to 0.10 ,um in diameter and up to 5 ,um in length, extending from one pole. Division occurs by budding from the non-stalked pole of the cell. Daughter cells are motile by a single subpolar flagellum. It is Gram-negative.
The organism is of marine origin and has an absolute requirement for Na+. Significant growth occurs at salinities of 1-5 to 4-0 % (w/v). It is heterotrophic, obligately aerobic, and mesophilic. The G + C content of the DNA is 50.5 mol %. 
